II. THE CONDUCTIVE INK PREPARATION
Nitrocellulose is used to produce resins entering the basic composition of inks and varnishes. They are produced by the reaction of cellulose with nitric acid in the presence of sulfuric acid [6] .
To obtain nitrocellulose, a sulfonitrile solution was initially prepared. It was expected to stabilize, to add cellulose in small portions, leaving to act for 30 minutes. After this time, the cellulose is washed in order to neutralize the remaining acid. After drying the cellulose, the result is a cotton with a rougher consistency, which has very high flammability.
To dissolve the nitrocellulose, ethyl acetate was used, obtaining a colloidal solution, afterwards being passed through the simple filtration process, only to be added the metallic powdered silver (with control of granulometry up to 35 μm) under moderate agitation.
As a way of obtaining a morphology and identification of the chemical elements of the conducting surface, scanning electron microscopy (SEM) and dispersive energy spectroscopy (EDS) techniques [7] are used to get their respective spectra images, as shown in Figs. 1 and 2, respectively. The EDS results for the element weight percent and atomic percent are shown in Table I . The weight percentage of atoms supplied by the scanning electron microscope for the same sample shown in Fig. 1 was 13 .94% for carbon, 78.31% for silver, 5.81% for copper and 1.94% for aluminum. Fig. 3 shows an image for carbon, copper and silver components present in the considered sample. The incorporation of electrically conductive particles into a polymeric insulating matrix, such as the nitrocellulose discussed herein, is an important example of the materials modification in hitherto restricted areas to metals, such as conductive adhesives found commercially. This class is called polymer composite conductors which have many advantages compared to metals [8] , namely, processability and cost, and a new process without the need of perchloride of iron corrosion, conventionally made.
When a certain concentration of conductive charge is added to a polymer matrix, it is observed that the matrix that previously presented nonconductive behavior starts to conduct electric current. In general, a conductive composite has two phases, a conductive and a nonconductive. Such systems present a percolation threshold that is studied by [9] , which explain the conditioning mechanism in this conductive composite. The percolation theory is used because it allows an interpretation of the electric conductivity behavior. According to this theory, the electrical conductivity of a composite is directly dependent on the concentration of conductive material added to the insulating matrix [10] .
Thus, a low concentration of conductive material causes isolated clumps. However, as the concentration of this material increases, it generates large clumps, thus allowing the appearance of a conductive path. The results presented in Table I indicate a concentration of 78.31% of silver atoms in the analyzed surface which is more than enough to guarantee the electrical percolation. In addition, as the silver concentration in the conductive film is high, larger clusters occur, allowing the formation of a conductive path. In this work, the inset-feed technique is used to improve the impedance matching between the microstrip line and the antenna input impedance. The inset-feed physical dimensions are length y0, slot width x0, and strip width W0, which is the same of the feeding microstrip line, as shown in Fig. 5 . The overall feeding length of the microstrip line is L0.
(a) (b) The analysis of the rectangular microstrip antenna is performed using the approximate expressions given in (1) to (4) [1] , [11] .
impedance matching. The initial value of x0 is 1 mm and the value of y0 is calculated using the approximate expression in (5) [1] , [11] .
Where the antenna input resistance, Rin (0), is given by, (6) with The fabrication of the ink-based rectangular microstrip antennas prototypes is performed using simple spray with micro paint equipment on a dielectric layer mounted on a ground plane, while a conventional technique for microwave integrated circuits (MIC) is used to fabricate the antenna on copper clad laminate. The main structural parameters (Fig. 5 ) of the patch antenna prototypes on fiberglass substrate shown in Fig. 6 , are given in Table II . These dimensions values were defined using (1) to (5) The patch antenna prototypes (Fig. 6) were measured for the operating range from 1.0 GHz to 4.5
GHz. Measurements were performed using an R&S ZVB14 vector network analyzer.
The measured results for the reflection coefficient of the antenna prototypes ( The impedance measurement results are presented in Fig. 8 for the antenna prototypes shown in Fig.   6 (a), where the patch is made out of copper, and Fig. 6(c) , where the patch is painted with silver ink. The simulated and measured results for the antenna prototypes with silver ink painted and copper patch elements are summarized and compared in Table III . The simulated and measured results for the patch antennas on fiberglass substrate using copper clad laminate and painted with silver ink are in good agreement, as shown in Table III . The observed agreement confirms that the manufactured silver ink exhibits a good potential to be used in the fabrication of painted microstrip patch antennas on a fiberglass substrate, which is a simple and efficient alternative to conventional techniques.
Thereafter, the manufactured silver ink was used in the fabrication of a microstrip patch antenna on a glass substrate, to explore the simplicity and flexibility provided by this manufacturing technique. Fig. 9 shows a photograph of the rectangular microstrip patch antenna prototype fabricated on a glass substrate with relative permittivity εr = 5.5 and height h = 1.4 mm. The structural parameters (Fig. 5) are given in Table IV . The patch element was painted by simple air spraying using a pressurized reservoir which is the same technique previously used. Fig. 9 . Photograph of the microstrip patch antenna prototype on the glass substrate painted with the fabricated silver ink. The microstrip patch antenna shown in Fig. 9 was measured for the operating range from 1.0 GHz to 4.5 GHz. Measurements were performed using an R&S ZVB14 vector network analyzer.
The measured results for the reflection coefficient of the antenna prototype shown in Fig. 9 , along with simulated results using Ansoft Designer software, are shown in Fig. 10 , for comparison purpose.
The impedance measurement results are shown in Fig. 11 . Fig. 10 . The simulated and measured results for the reflection coefficient frequency response for the antenna on the glass substrate painted with silver ink (Fig. 9) . The simulated and measured results for the antenna prototype on glass substrate with patch elements painted with silver ink are summarized and compared in Table V showing a very good agreement in all cases. lengths) and the relative permittivity values of glass and fiberglass substrates are close.
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IV. Bioinspired Frequency Selective Surfaces Design, Fabrication and Results
Frequency selective surfaces (FSSs) are spatial electromagnetic filters which typically are composed of bidimensional periodic arrays on dielectric substrates. Therefore, depending on the element type (aperture or conductive patch) used in the unit cell; the FSS will behave like a bandpass filter (aperture elements) or a band-reject filter (conductive patch elements). The FSS filtering properties depends on the chosen substrate material, cell size, patch or aperture dimensions and format, and array periodicity [15] , [16] .
Typical FSS patch elements are shown in Fig. 12 and can be printed on one or multiple dielectric layers, depending on the desired frequency performance. Similarly, thin metal sheets with aperture elements with the shapes shown in Fig. 12 can be used in the development of frequency selective Recently, new geometries have been used as elements of FSS arrays, including slotted patches [17] , fractals [18] , combination of similar and dissimilar parallel coupled [19] and broadside-coupled elements [20] , [21] , split ring patches [22] , and paper-based substrate [23] .
The geometry of a bioinspired-shaped patch element is proposed for the development of an innovative FSS structure. The proposed geometry is inspired on the leaf of the Oxalis triangularis plant, showing that bio-inspired patch elements are suitable for FSS designs.
In addition, the choice of the shape of leaves to define new FSS patch element geometries is related to the fact that in nature their shapes were optimized over years to better absorb light energy from the sun. In addition, some of them present self-similar structures, looking like fractal geometries.
In this work, two 3.5 GHz ink-based bioinspired frequency selective surfaces (FSSs) are simulated, designed and fabricated on FR-4 fiberglass substrate. The first one is fabricated using a typical copper clad laminate and the second one is painted with the manufactured silver ink.
Simulation and design are carried out using Ansoft Designer software that implements a full-wave electromagnetic formulation based on the method of moments (MoM), to ensure accurate analyses. The 240 chosen shape of the FSS array element is based on the Oxalis triangularis plant's leaf which has three symmetry axes with leaves that looks like triangles, as shown in Fig. 13(a) . The bioinspired FSS cell is designed using the Ansoft Designer software with the unit cell illustrated in Fig. 13(b) .
The fabrication of the ink-based FSS prototype is performed using simple spray with micro paint equipment on a dielectric layer, while a conventional technique for microwave integrated circuits (MIC) is used to fabricate the FSS on copper clad laminate.
(a) (b) painted with silver ink.
To evaluate the effectiveness of using the manufactured silver ink, a comparison is performed between the simulated and measured results of the transmission coefficient of the FSS prototypes shown in Fig. 14 .
For measurement purpose, the FSS is placed between two horn antennas connected to a network The frequency response results are presented in Fig. 7 , for the patch antennas on fiberglass substrate, and in Fig. 9 , for the patch antenna on the glass substrate, enabling a comparison between the simulated and measured results for the resonant frequency, reflection coefficient and input impedance, for example.
For the copper clad patch antenna on fiberglass substrate, shown in Fig. 6(a) , the measured results indicate resonant frequencies at 2.50 GHz (with a deviation of 2.04 % relative to the simulated value of 2.45 GHz) and 3.85 GHz (with a deviation of 0.78 % relative to the simulated value of 3.82 GHz).
For the silver ink patch antenna on fiberglass substrate, shown in Fig. 6(c) , the measured results indicate resonant frequencies at 2.42 GHz (with a deviation of 0.41 % relative to the simulated value of 2.43 GHz) and 3.77 GHz (with a deviation of 1.31 % relative to the simulated value of 3.82 GHz).
In the investigation, the structural parameters of the antennas' prototypes are the same, except for the fabrication processes, one painting with silver ink and the other one using chemistry to remove the copper plating (or by corrosion with iron chloride/perchlorate) of the copper clad laminate.
The obtained measured results for the resonant frequencies of the patch antenna painted with silver ink and the patch antenna using the commercial copper clad laminate, are compared and deviations of 3.2% (at the first resonance band) and 2.08% (at the second band) are obtained. Therefore, a good agreement is observed despite the differences between the physical nature of the compared patch antennas, one manufactured using a copper thin plate and the other one a metallic silver ink film.
For the silver ink painted patch antenna on glass substrate, shown in Fig. 9 , the measured results indicate resonant frequencies at 2.44 GHz (without deviation relative to the simulated value of 2.44 GHz) and 3.77 GHz (with a deviation of 0,79% relative to the simulated value of 3.80 GHz). In addition, a very good agreement is observed between simulated and measured results for the antenna parameters as shown in Table VI . The observed agreement indicates that the manufactured silver ink proved to be suitable for the development of microstrip antennas on glass and fiberglass substrates with some intrinsic advantages related to the ease manufacturing process, application on various dielectric substrates (including planar and curved structures), and printing of conductive patches with complex shapes. Fig. 16 presents the measured and simulated results for the prototypes of the bioinspired FSSs (with bioinspired Oxalis triangularis type elements) fabricated using copper clad laminate, shown in Fig. 14(a), and painted with silver ink, shown in Fig. 14(b) .
For TE polarization, the FSS simulated results indicate a resonant frequency at 3.45 GHz while the measured results for the FSS fabricated using a copper clad laminate the resonance occurs at 3.64 GHz (with a deviation of 5.51% relative to the simulated value). For the FSS with patch elements painted with silver ink, resonance happens at 3.45 GHz (without deviation relative to the simulated value),
indicating agreement with the obtained results for the FSS fabricated using copper clad laminate.
For TM polarization, the simulated result indicates a resonant frequency at 3.43 GHz while the measured results for the FSS fabricated using a copper clad laminate the resonance occurs at 3.45 GHz (with a deviation of 0.58% relative to the simulated value). For the FSS with patch elements painted with silver ink, resonance happens at 3.48 GHz (with a deviation of 1.46% relative to the simulated value), indicating good agreement with the obtained results for the FSS fabricated using copper clad laminate.
In addition, Fig. 16 and Table VI show that the manufactured bioinspired FSSs exhibit good angular stability, proving to be suitable for wireless communication systems.
VI. CONCLUSION Two conductive inks, one sold commercially, based on carbon, which did not prove to be appropriate to the microstrip antennas manufacture, and the other one based on nitrocellulose and metallic silver powder, manufactured in this work, were used in the fabrication of microstrip antennas on fiberglass and glass substrates. It has been observed that the simulated and measured results obtained for the prototype antenna painted with silver ink are in good agreement, even when compared to the prototype fabricated using copper clad laminate results. The antennas' prototypes painted with silver ink (on glass and fiberglass substrates) were tested to determine their performances related to the measurement of the input reflection coefficient (s11), dealing mainly with the impedance matching results. To prove the versatility of the manufactured silver ink, a bioinspired FSS was fabricated to investigate the silver ink and fabrication technique performances in the development of a larger and complex printed circuit geometry. Once again, it has been observed that the simulated and measured results obtained for the FSS painted with silver ink are in good agreement. The FSS prototype painted with silver ink (on glass substrates) was tested to determine its performance related to the measurement of the transmission coefficient (s21), dealing directly with the wave filtering results. Therefore, the proposed prototypes painted with the manufactured silver ink were tested for both equivalent circuit and wave scattering
